Abnormal proliferation of vascular smooth muscle cells (VSMCs) constitutes a key event in atherosclerosis, neointimal hyperplasia, and the response to vascular injury. Estrogen receptor ␣ (ER␣) mediates the protective effects of estrogen in injured blood vessels and regulates ligand-dependent gene expression in vascular cells. However, the molecular mechanisms mediating ER␣-dependent VSMC gene expression and VSMC proliferation after vascular injury are not well defined. Here, we report that the ER coactivator steroid receptor coactivator 3 (SRC3) is also a coactivator for the major VSMC transcription factor myocardin, which is required for VSMC differentiation to the nonproliferative, contractile state. The N terminus of SRC3, which contains a basic helix-loop-helix/Per-ARNT-Sim protein-protein interaction domain, binds the C-terminal activation domain of myocardin and enhances myocardinmediated transcriptional activation of VSMC-specific, CArGcontaining promoters, including the VSMC-specific genes SM22 and myosin heavy chain. Suppression of endogenous SRC3 expression by specific small interfering RNA attenuates myocardin transcriptional activation in cultured cells. The SRC3-myocardin interaction identifies a site of convergence for nuclear hormone receptor-mediated and VSMC-specific gene regulation and suggests a possible mechanism for the vascular protective effects of estrogen on vascular injury. steroid hormone receptors ͉ transcriptional coregulators ͉ vascular biology I n addition to an important role in growth and development of reproductive tissues, estrogen and its receptors regulate a variety of cardiovascular functions, including vascular tone and the response of blood vessels to injury (1, 2). The pleiotropic effects of estrogen are mediated through binding to its two cognate receptors, estrogen receptors ␣ (ER␣) and ␤ (ER␤), members of the nuclear hormone receptor (NHR) superfamily. NHRs are ligand-dependent transcription factors, regulating target gene expression by recruiting coactivator or corepressor complexes to their target promoters (3). Steroid receptor coactivator (SRC) 3 (SRC3) (RAC3/AIB1/TRAM1/pCIP) is a member of the p160 family of NHR coactivators including SRC1 and TIF2 (thyroid hormone receptor interacting factor 2 or SRC2) (4, 5). These molecules were initially identified as liganddependent nuclear receptor coactivators that interact with ligand-bound nuclear receptors to modulate target gene activation (3, 6-9). The SRC proteins recruit protein acetyltransferases such as cAMP response element-binding protein binding protein (CBP)/p300 and p/CAF (10-12) and protein methytransferases such as coactivator-associated arginine methyltransferase 1 (CARM-1) and protein arginine methyltransferase-1 (PRMT-1) to nuclear receptor target gene promoters to modify chromatin structure and/or assemble transcription initiation (13, 14) . Biochemical studies support that SRC complexes are essential for nuclear receptor activities. The SRC family of coactivators share a signature motif of LXXLL sequences (15) that are responsible for mediating interactions between these coactivators and liganded nuclear receptors (16-18). The SRCs also contain an intrinsic transcriptional activation function mediated through interactions with CBP/p300 and the CBP/p300-associated factor P/CAF. All three SRC family proteins share a highly conserved N-terminal basic helix-loop-helix (bHLH) and Per-ARNT-Sim (PAS) domain motif. The bHLH domain is a DNA-binding and dimerization motif shared among a number of transcription factors, including MyoD family proteins; whereas the PAS motif has been shown to be a binding motif for transcription factors such as AHR, ARNT, and HIF1␣. The function of the bHLH-PAS motif in SRC-dependent nuclear receptor signaling remains less well understood. CoCoA, a recently identified GRIP1 (glucocorticoid receptor interacting protein-1) N-terminal interacting protein (19), has been found to potentiate liganded nuclear receptor activation, suggesting that the bHLH-PAS motif participates in receptor action through recruiting additional transcriptional coactivators.
I
n addition to an important role in growth and development of reproductive tissues, estrogen and its receptors regulate a variety of cardiovascular functions, including vascular tone and the response of blood vessels to injury (1, 2) . The pleiotropic effects of estrogen are mediated through binding to its two cognate receptors, estrogen receptors ␣ (ER␣) and ␤ (ER␤), members of the nuclear hormone receptor (NHR) superfamily. NHRs are ligand-dependent transcription factors, regulating target gene expression by recruiting coactivator or corepressor complexes to their target promoters (3) . Steroid receptor coactivator (SRC) 3 (SRC3) (RAC3/AIB1/TRAM1/pCIP) is a member of the p160 family of NHR coactivators including SRC1 and TIF2 (thyroid hormone receptor interacting factor 2 or SRC2) (4, 5) . These molecules were initially identified as liganddependent nuclear receptor coactivators that interact with ligand-bound nuclear receptors to modulate target gene activation (3, (6) (7) (8) (9) . The SRC proteins recruit protein acetyltransferases such as cAMP response element-binding protein binding protein (CBP)/p300 and p/CAF (10) (11) (12) and protein methytransferases such as coactivator-associated arginine methyltransferase 1 (CARM-1) and protein arginine methyltransferase-1 (PRMT-1) to nuclear receptor target gene promoters to modify chromatin structure and/or assemble transcription initiation (13, 14) . Biochemical studies support that SRC complexes are essential for nuclear receptor activities. The SRC family of coactivators share a signature motif of LXXLL sequences (15) that are responsible for mediating interactions between these coactivators and liganded nuclear receptors (16) (17) (18) . The SRCs also contain an intrinsic transcriptional activation function mediated through interactions with CBP/p300 and the CBP/p300-associated factor P/CAF. All three SRC family proteins share a highly conserved N-terminal basic helix-loop-helix (bHLH) and Per-ARNT-Sim (PAS) domain motif. The bHLH domain is a DNA-binding and dimerization motif shared among a number of transcription factors, including MyoD family proteins; whereas the PAS motif has been shown to be a binding motif for transcription factors such as AHR, ARNT, and HIF1␣. The function of the bHLH-PAS motif in SRC-dependent nuclear receptor signaling remains less well understood. CoCoA, a recently identified GRIP1 (glucocorticoid receptor interacting protein-1) N-terminal interacting protein (19) , has been found to potentiate liganded nuclear receptor activation, suggesting that the bHLH-PAS motif participates in receptor action through recruiting additional transcriptional coactivators.
Recent knockout mouse studies support that the SRC proteins each have distinct functions in physiology. Unlike SRC1 and SRC2, SRC3 knockout mice exhibit growth retardation from embryonic day 13.5 through adulthood, and delayed puberty, reduced female reproductive function, and blunted mammary gland development (20, 21) . In ovariectomized SRC3 knockout mice, the vascular smooth muscle cell (VSMC) proliferative response to vascular injury is abnormal and unlike the effect of estrogen in wild-type mice, which fully inhibits VSMC proliferation after injury, estrogen replacement is far less effective in inhibiting the vascular injury response in SRC-3 null mice (22) (23) (24) . The molecular events mediated by SRC3 in VSMC proliferation remain unclear.
VSMCs modulate their phenotypes in response to a wide range of extracellular cues, but the transcriptional mechanisms that regulate this plasticity are not fully understood. In vascular injury, VSMC de-differentiate to a synthetic, proliferative phenotype that is required for the VSMC proliferative response and the formation of neointima in response to injury. Myocardin is a serum response factor (SRF) cofactor that coactivates SRF-dependent genes, is required for SMC differentiation to a nonproliferative, contractile phenotype during development, and functions as a ''master regulator'' of VSMC gene expression (25) (26) (27) . SRC proteins have been shown to regulate signaling by classes of DNA binding transcription factors other than NHR, including AP-1, NF-B, HNF-1␣, MEF2C, E2F1, and TEF (28) (29) (30) (31) (32) (33) . Here, we report that SRC3 is a coactivator for myocardin, thus identifying a site of convergence for NHR mediated-and VSMC-specific gene regulation of potential importance to ER regulation of vascular responses to injury.
Results

SRC3 Is Expressed in Cardiovascular Cells.
To investigate the role of SRC3 in human vascular cells, we first determined the expression pattern of SRC3 mRNA and protein in human cardiovascular cells and tissues. SRC3 transcripts were detected in human vascular tissues by Northern blot assays (Fig. 1A) , with the highest expression levels detected in human aorta. SRC3 protein also was detected in cell lysates from a number of vascular cell lines, including human aortic and coronary VSMC cells (AO184 and CO393 cells, respectively) by immunoblotting (Fig. 1B) . In the absence of serum, SRC3 is localized in both nuclear and cytoplasmic compartments (Fig.  1C) . After serum exposure, SRC3 localized exclusively in the nuclei of VSMCs, consistent with the effect of serum seen on SRC3 localization in nonvascular cells, such as COS7 and MCF7 cells (34) .
SRC3
Interacts with Myocardin in Vitro. SRC family proteins contain an N-terminal bHLH/PAS domain that mediates protein-protein interactions, such as those between SRC2 and the skeletal musclespecific transcription factors MyoD and MEF2. SRF, a MADS box family protein, mediates expression of many CArG box-containing smooth muscle genes that characterize the differentiated state of VSMCs (25) (26) (27) . We hypothesized that SRC3 in smooth muscle cells might influence VSMC differentiation and the VSMC responses seen in vascular injury by direct interactions between SRC3 and either SRF itself or myocardin, the smooth muscle-specific transcriptional coactivator of SRF (25, 26) . GST pull-down assays with 35 S-labeled myocardin demonstrated a direct interaction between the SRC3 N-terminal bHLH/PAS domain and myocardin, but not between SRC3 and SRF under conditions where the known myocardin-SRF interaction was readily detectable (Fig. 2) . Three myocardin family members have been identified, including myocardin, and the myocardin-related transcription factors A and B (MRTF-A and MRTF-B). SRC3 also interacted with MRTF-A and MRTF-B (Fig. 2B) . These proteins share high homology, although, unlike myocardin, expression of which is highly restricted to cardiac and smooth muscle cells, MRTF-A and MRTF-B are expressed in smooth and cardiac muscles and a broad range of adult tissues.
The domains of myocardin mediating the in vitro myocardin-SRC3 interaction were also studied. Deletion of the C-terminal domain (amino acids 715-936) to create myocardin 128-715 leads to a dominant negative mutant shown previously to interfere with myocardial cell differentiation (27) . This mutant also abolished (Fig. 3C ). Myocardin also bound the other two SRC family members SRC1 and TIF2, although the interactions in vitro were much weaker than with SRC3 (data not shown). These studies support that the amino-terminal bHLH/PAS domain of SRC3 interacts in vitro with myocardin and related family members, and that the SRC3 interaction with myocardin is mediated through binding to its known C-terminal transactivation domain (TAD).
We examined the functional domain of SRC3 involved in SRC3-myocardin interaction in more detail by using a series of GST-fusion SRC3 fragments representing SRC3 functional domains, including GST-SRC3 (amino acids 1-408); GST-SRC3 (amino acids 400-612); GST-SRC3 (613-752), a nuclear receptor interaction domain; and GST-SRC3 (amino acids 1017-1207), a domain of SRC3 known to interact with CBP/p300 (35) . As shown in Fig. 4B , in addition to the N-terminal bHLH/PAS domain (SRC3-1-408), the SRC3 activation domain (amino acids 1017-1207) was found to interact with myocardin in this assay, suggesting the possibility that multiple domains of SRC3 may interact with myocardin.
In Vivo Association of SRC3 with Myocardin. To explore the interaction of myocardin with SRC3 further, coimmunoprecipitation assays were performed. SRC3 (amino acids 1-450) protein was coprecipitated from HEK293 cells with full-length epitope-tagged myocardin (Fig. 5A) . Coimmunoprecipitation of myocardin with endogenous SRC3 from MCF7 cells, which express high levels of SRC3 (7), was also observed from cells transiently transfected with myocardin (Fig. 5B) . The SRC3-myocardin interaction was also detected in PAC1 cells, a well characterized pulmonary VSMC line (36) (Fig. 5C ). These data support that myocardin interacts with SRC3 in intact cells.
SRC3 Is a Coactivator for Transcriptional Activation by Myocardin.
To assess the functional significance of the SRC3-myocardin interaction, we tested whether SRC3 affects myocardin-mediated transactivation of two SRF-responsive, CArG-containing smooth muscle-specific promoters, the SM22 and the smooth muscle MHC genes (37) . Myocardin alone resulted in transactivation of the SM22 reporter in HEK293 cells (Fig. 6A) . Cotransfection of plasmids encoding full-length SRC3 or the SRC3 bHLH/PAS domain [SRC(1-450)] further increased myocardin-mediated transcriptional activation in a dose-dependent fashion (Fig. 6A) . SRC3 enhanced myocardin activity by 3.8-fold (P Ͻ 0.003, n ϭ 3), and SRC3(1-450) alone enhanced myocardin activity 2.7-fold (P Ͻ 0.0001, n ϭ 3). SRC3 or SRC3(1-450) alone did not transactivate the SM22-445-luc reporter (Fig. 6A) . SRC3 also augmented activation of a second CArG-containing, SRF-dependent VSMC gene by myocardin, the smMHC-luc reporter [increase caused by fulllength SRC3 coactivation of myocardin, P Ͻ 0.03; increase caused by SRC3(1-450) coactivation of myocardin, P Ͻ 0.05; Fig. 6B ]. SRC3 also modestly coactivated myocardin transactivation of a VSMC-specific reporter in PAC1 smooth muscle cells (Fig. 6C ). Myocardin interacts with SRF, an important VSMC transcription factor that controls the expression of a number of VSMC-specific genes. To exclude the possibility that the SRC3 effect on myocardin-mediated transactivation was indirect, through SRF, we used a Gal fusion reporter transcriptional assay to examine directly the effect of SRC3 on myocardin transactivation (Fig. 6D) . Galmyocd(715-935) activated a Gal4 DNA binding reporter DBD-tkluciferase 382-fold, and cotransfection of SRC3 or SRC3(1-450) further significantly increased Gal-myocd(715-935) activity 2.35-or 2.1-fold on this reporter (P Ͻ 0.01 and P Ͻ 0.04, respectively). Together, these data support that SRC3 coactivates VSMC-specific gene expression through a direct interaction with the myocardin C-terminal TAD. However, despite numerous studies in which ER␣ was cotransfected with myocardin in the absence or presence of estradiol, no effect of estrogen on SRC3-mediated coactivation of myocardin on VSMC-specific reporters (see Discussion).
SRC3 siRNA Attenuates Myocardin Transactivation. To examine the effect of SRC3 on myocardin transactivation in situ in HEK293 and PAC1 cells, we used small RNA interference to diminish endogenous SRC3 expression and performed reporter assays. A 21-bp double-stranded SRC3 siRNA oligo from SRC3 nucleotides 415-434 or nonspecific control (scrambled) RNA were transiently transfected into HEK293 or PAC1 cells, followed by cotransfection of pcDNA-myocardin or vector and the SM22 reporter. The inhibition of SRC3 expression resulted in a 55% reduction in myocardin transactivation of the SM22 reporter (Fig. 7A) . Similar results were obtained in PAC1 cells (Fig. 7B) , supporting further that SRC3 is required for the complete transactivation of the smooth muscle-specific, CArG-containing SM22 promoter by myocardin.
Discussion
Myocardin is a SAP (SAF-A/B, acinus, PIAS) domaincontaining protein expressed exclusively in cardiac and smooth muscle cell lineages (27) . Myocardin activates many VSMC differentiation marker genes in a strictly SRF-CArG boxdependent way. Recent reports from myocardin gain-and lossof-function studies identify myocardin to be necessary to initiate smooth muscle differentiation (26) . The interplay between differentiation and dedifferentiation of VSMC by growth factor stimulation relies in part on the displacement of myocardin from SRF (38) . These findings provide a molecular basis for smooth muscle plasticity, which is a fundamental element of both vascular differentiation and the vascular response to injury. However, the mechanisms that regulate SMC differentiation and dedifferentiation are complex, involve the cooperation of multiple transcription factors and signaling pathways, and are poorly understood in the process of vascular injury in adult vessels. Previous structural and functional analyses revealed that the myocardin N terminus contains a conserved basic, polyglutamine-rich domain that interacts with SRF and a strong TAD located at its C terminus. Direct association of the myocardin TAD and p300 leads to acetylation of nucleosomal histones surrounding CArG box binding sites (39) . However, the molecular mechanisms mediating transactivation of VSMC genes by myocardin are not fully understood. In this study, we find that the nuclear receptor coactivator SRC3 is a transcriptional coactivator for the key regulator of smooth muscle transcription and differentiation, myocardin. SRC3 protein possesses intrinsic histone acetyltransferase activities and also recruits other chromatin-modifying enzymes to the transcriptional complex assembled by ERs, such as protein acetyltransferase CBP/p300 and p/CAF, and protein methyltransferases CARM1 and PRMT1 (for review, see ref. 40) . We hypothesize that SRC3 assembles chromatin remodeling complexes to a subset of smooth musclespecific promoters through a direct interaction with myocardin. The cellular compartmentalization of SRC3 has been suggested to be regulated by serum in a number of cells (34) . In mouse embryonic fibroblasts, serum deprivation results in the redistribution of p/CIP to the cytoplasmic compartment and stimulation with growth factors or tumor-promoting phorbol esters promotes p/CIP shuttling into the nucleus (41) . However, in smooth muscle cells, we observed the nuclear localization of SRC3 in both the presence and absence of serum, with a more diffuse expression in cytoplasm as well in the absence of serum, suggesting that SRC3 function might also be regulated by its localization in VSMCs.
A number of diseases, including atherosclerosis, asthma, neointima formation, and hypertension, have been linked to abnormal proliferation of VSMCs in the adult. SRC3 coactivates a number of (42) have characterized specific SRC3 phosphorylation sites required for its interactions with transcription factors, which forms the basis for the hypothesis that distinct cellular signals may differentially phosphorylate SRC3 to direct its coactivator activity to distinct cellular pathways. It will be important to determine whether posttranslational modification also regulates the interaction between SRC3 and myocardin. Smooth muscle cells are highly plastic in modulating their phenotype between contractile (differentiated) and synthetic (proliferative) states in response to different environmental cues (43) .
Further experiments to explore the role of SRC3 in myocardindependent transactivation are warranted. It will be important to demonstrate that both myocardin and SRC3 occupy the same endogenous promoter in vivo and that silencing of SRC3 reduces the activity of an endogenous promoter as it does in the reporter assays shown. In the mouse carotid injury model, the vascular protective effects of estrogen are lost in mice harboring full-body (24, 44) and inhibits PDGFstimulated VSMC cell cycle progression (45) . The lack of any effect of estrogen on the SRC3-dependent coactivation of VSMC-specific promoters suggests that any involvement of the SRC3-myocardin interaction in limiting estrogen's protective effects in SRC3 knockout mice likely involves the coactivation of VSMC genes that require SRC3 and myocardin, but not ER␣, and/or a model in which forms of SRC3 are limiting in the regulation of a subset of VSMC genes. These models will need to be tested in mice harboring VSMC-specific deletions of ER␣ and SRC3.
In summary, these studies show that SRC3 is a coactivator for the VSMC master regulatory transcription factor myocardin and identify a site of convergence for NHR-mediated and VSMC-specific gene regulation that may be important in the vascular response to injury in a wide variety of human diseases.
Materials and Methods
Plasmids. Mammalian expression plasmids pcDNA-myocardin and its dominant negative mutant pcDNA-myocardinDN have been described and express an N-terminal flag epitope (27) , which was used to identify myocardin expression in all myocardin expression experiments shown. A myocardin C-terminal TAD fragment was PCR-amplified and subcloned into either pCMX-Gal vector for mammalian expression or pGEX-2TA vector for bacterial expression. The resulting fusion constructs have been verified by sequencing. All SRC3 constructs used have been described (6, 46) .
Northern Blot Assay.
A random-primed 32 P-labeled DNA probe specific for SRC3 was hybridized to a human cardiovasculature Northern blot according to the manufacturer's instructions (BD Biosciences/Clontech, Palo Alto, CA). A 876-bp SRC3 EcoR1/ EcoR1 cDNA fragment from construct pCDG-SRC3(400-1204) was labeled with 32 P-dCTP by using a random priming kit (Amersham, Piscataway, NJ) and used as a probe in the Northern blot assay. Each lane in the blot contains Ϸ1 g of poly(A) ϩ RNA. Filters were exposed to x-ray film at Ϫ70°C.
Indirect Immunofluorescence Microscopy. Human aortic smooth muscle cells AO184 were grown on coverglasses in 12-well plates. For serum-free conditions, 24 h after plating, the cells were changed to serum-free media for an additional 48 h. Immunostaining was performed as described (47) . Brief ly, cells were washed twice with PBS and fixed in methanol/ acetone (1:1) for 1 min on dry ice. After rehydration, the cells were overlaid with m␣SRC3 monoclonal antibody (BD Transduction Laboratory, San Jose, CA) and detected by rhodamine-conjugated goat anti-mouse secondary antibody. The cell nuclei were counterstained with DAPI (Sigma, St. Louis, MO). The coverglasses were mounted on microscopy slides and imaged on an epi-f luorescence microscope with an Axiocam CCD camera and Ax iov ision software (Carl Zeiss, Thornwood, NY).
GST Pull-Down Assay. Plasmids that encode the fusion protein of SRC3 N terminus from amino acids 1-408 and myocardin C terminus (amino acids 581-935) with GST were transformed into BL21 DE3ϩ bacterial. The fusion proteins were induced by isopropyl ␤-D-thiogalactoside (10 M) and purified with glutathione agarose beads (Sigma). Approximately 0.5 g of purified GST fusion protein was incubated with 5 l of in vitro-translated 35 Slabeled receptors with moderate shaking at 4°C overnight in binding buffer (20 mM Hepes, pH 7.7/75 mM KCl/0.1 mM EDTA/ 2.5 mM MgCl 2 /0.5% Nonidet P-40/1 mM DTT/1 g/ml BSA). The bound proteins were washed five times with binding buffer, and the beads were collected by microcentrifugation. The bound protein was eluted into SDS sample buffer, subjected to SDS/PAGE, and detected by autoradiography.
Coimmunoprecipitation and Western Blotting. Coimmunoprecipitation was conducted according to the standard protocol using protein A/G sepherose beads (Amersham). HEK293, MCF7, or PAC1 cells were transfected by electroporation with mammalian expression plasmids as indicated in Fig. 5 . The cells were changed to fresh media 6 h after transfection and maintained for an additional 30 h. The cells were then harvested in lysis buffer (20 mM Tris⅐Cl, pH 7.5/137 mM NaCl/2 mM EDTA/1% Triton/10% glycerol/25 mM ␤-glycerol phosphate/1 mM PMSF and protease inhibitor mixture). The immunoprecipitation was performed by the addition of 2 g of antibodies to cell lysates: m␣flag (Sigma) for IP myocardin protein, rabbit anti-HA antibody (Santa Cruz Biotechnology, Santa Cruz, CA) for IP SRC3(1-450) protein, and m␣SRC3 for endogenous SRC3 protein. The samples were incubated overnight at 4°C. Protein A/G beads (Amersham Bioscience) were added for an additional 2 h. The immunoprecipitants were washed five times with wash buffer (50 mM Tris, pH 7.5/7 mM MgCl 2 /2 mM EDTA/1 mM PMSF). Associated proteins were resolved by SDS/PAGE and immunoblotted with antibodies as indicated.
Cell Culture and Transient Transfection. All cell lines used in this study including HEK293T cells, MCF7 cells, PAC1 cells, and AO187 cells were maintained in DMEM with 10% FBS and penicillin-streptomycin. The luciferase reporter constructs SM22-455-luciferase, SM-MHC-luciferase and DBD-tk-luciferase have been described (6, 27, 48) . One day before transfection, cells were seeded in 12-well plates at 20,000 cells per well. A DNA mixture containing 1 ng of mammalian expression vector pcDNAmyocardin, 0.1 g of CMX-SRC3 plasmid, 50 ng of internal control pCMX-␤-Gal, 150 ng of luciferase reporter construct, and 0.2 g of carrier DNA (pGEM), was prepared in a final volume of 50 l. The DNA solution was mixed with 5 l of polyfect reagent (Qiagen, Valencia, CA) before addition to each well. The cells were harvested in cell lysate buffer (Promega, Madison, WI) 48 h after transfection and subjected for luciferase and ␤-gal assays. All transfection assays were performed in triplicate and repeated two or more times.
siRNAs for SRC3 (5Ј-AGACTCCTTAGGACCGCTT-3Ј) and control scamble oligo were produced by Dharmacon (Lafayette, CO). siRNAs (75 nM) were transfected into HEK293 or PAC1 cells plated in 12-well plates with Ϸ40-ϳ50% cell density by using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. Twenty-four hours after transfection, the cells were retranfected with expression plasmids for myocardin or vector alone, SM22-luciferase reporter, and ␤-gal (internal control) for an additional 36 h before harvesting for luciferase and ␤-gal assays.
Luciferase and ␤-Gal Assay. Transfected cells in each well were lysed in 300 l of 1ϫ cell lysis solution (Promega) and processed for luciferase and ␤-gal assay. Fifteen microliters of lysed cells was transferred into 96-well microtiter plates, and luciferase and ␤-gal reporter activities were assayed with a Luciferase Assay System (Promega) and Galacto-Light system (Applied Biosystems, Foster City, CA). The activities were measured in Luminoskan (Labsystems, Chicago). The luciferase activities were normalized to the ␤-gal activity expressed from the cotransfected pCMX-␤-Gal plasmid.
